The purpose of this study was to examine ambulatory blood pressure and heart rate patterns in healthy, normotensive adolescents and to determine the influence of race and gender on these patterns. Ambulatory blood pressure recordings were performed on 199 adolescents; 42 were black males, 55 were white males, 65 were black females, and 37 were white females. The mean age (±SD) was 13±2 years. Blood pressure readings were obtained with an automatic, noninvasive recorder. Black adolescents and white adolescents had similar blood pressures while awake (116/69 vs. 116/69 mm Hg), with boys having higher levels of systolic blood pressure (118 vs. 114 mm Hg) and comparable levels of diastolic blood pressure (69 vs. 69 mm Hg) relative to girls. The patterns while the adolescents were asleep, however, were different. White boys (106 mm Hg), white girls (105 mm Hg), and black girls (105 mm Hg) had similar systolic blood pressures during sleep. Black boys (112 mm Hg), however, had significantly higher systolic blood pressures while asleep. Black adolescents, as a group, had significantly higher diastolic blood pressures than white adolescents while asleep (64 vs. 61 mm Hg). Changes in blood pressure from awake to asleep were not related to changes in heart rate. Results of this study indicate that both race and gender are important determinants of the diurnal pattern of blood pressure and heart rate in adolescents. (Hypertension 1989;14:598-603) 
The purpose of this study was to examine ambulatory blood pressure and heart rate patterns in healthy, normotensive adolescents and to determine the influence of race and gender on these patterns. Ambulatory blood pressure recordings were performed on 199 adolescents; 42 were black males, 55 were white males, 65 were black females, and 37 were white females. The mean age (±SD) was 13±2 years. Blood pressure readings were obtained with an automatic, noninvasive recorder. Black adolescents and white adolescents had similar blood pressures while awake (116/69 vs. 116/69 mm Hg), with boys having higher levels of systolic blood pressure (118 vs. 114 mm Hg) and comparable levels of diastolic blood pressure (69 vs. 69 mm Hg) relative to girls. The patterns while the adolescents were asleep, however, were different. White boys (106 mm Hg), white girls (105 mm Hg), and black girls (105 mm Hg) had similar systolic blood pressures during sleep. Black boys (112 mm Hg), however, had significantly higher systolic blood pressures while asleep. Black adolescents, as a group, had significantly higher diastolic blood pressures than white adolescents while asleep (64 vs. 61 mm Hg). Changes in blood pressure from awake to asleep were not related to changes in heart rate. Results of this study indicate that both race and gender are important determinants of the diurnal pattern of blood pressure and heart rate in adolescents. (Hypertension 1989;14:598-603) P revious research in normotensive and hypertensive white adults has defined an ambulatory blood pressure pattern in the natural environment that is characterized by higher blood pressures while the individual is awake and lower blood pressure while asleep. 1 ' 2 Ambulatory blood pressure patterns are influenced by the activity of the individual 3 ' 4 and can be reversed by reversal of the sleep/wake cycle, as in the case of night-shift workers. 5 Recent research in normotensive and hypertensive black adults suggests there may be racial differences in ambulatory blood pressure patterns. 6 ' 7 In these studies, black adults and white adults had similar blood pressures while awake, but black adults had a smaller nocturnal decline than white adults with sleep. Furthermore, these studies demonstrated that both age and gender are important determinants of ambulatory blood pressures. The purpose of this study was to examine ambula-tory blood pressure and heart rate patterns in healthy, normotensive adolescents and to determine if race and gender influence these patterns.
Subjects and Methods

Subjects
The subjects comprised 226 healthy, normotensive adolescents recruited as part of an ongoing study evaluating hypertensive risk factors in children. Subjects were recruited from churches, schools, and social organizations as described previously. 8 - 10 Of these, 199 (88%) successfully completed the 24-hour protocol. The remaining adolescents either did not have a successful calibration (see below) or did not have a successful recording (e.g., greater than 25% of the readings during the recording were artifacts or subjects had less than 20 hours of data). Demographic characteristics and casual measurements of the 199 adolescents who successfully completed the recording are shown in Table 1 . Casual blood pressure and heart rate measurements were obtained with the Dinamap blood pressure monitor (model 1846SX, Critikon, Tampa, Florida) before the ambulatory blood pressure recording procedure as part of the overall protocol. 8 - 10 The casual measurements were the average of three readings taken while the subject was in the seated position after 5 minutes of sitting quietly. 
Procedure
Human use approval was obtained from the institution, and parental consent was obtained before testing. The ambulatory blood pressure recordings were performed after baseline casual blood pressure measurements, completion of a 3-day diet record and short activity questionnaire, cardiovascular reactivity testing with a video game procedure, and a maximal exercise test. 8 - 10 The subject was seated and the ambulatory blood pressure recorder (Spacelabs model 5200, Spacelabs Inc., Redlands, Washington) applied and calibrated. To calibrate the ambulatory blood pressure recorder, the recorder was connected to a mercury column, and then it was determined if three simultaneous readings of the ambulatory blood pressure recorder and those of a technician using the mercury column and a stethoscope agreed to within ±3 mm Hg for both systolic and diastolic blood pressures. The functioning of the ambulatory blood pressure recorder was demonstrated to the subject and the details of the protocol described. Each subject was instructed to relax their arm during a blood pressure determination and to provide diary information for each hour the monitor was worn. They were warned not to go swimming, bathe, or participate in any contact sports. The subject was provided with a laminated card that contained instructions for the operation of the recorder and the phone number of someone who could be reached anytime day or night in the event of any difficulty; the subject was encouraged to call. Each subject was then instructed to resume their normal daily activities and to return the following day for the removal of the recorder. The recorder was set to take a reading at 20-minute intervals between the hours of 6:00 AM and midnight and 60-minute intervals between the hours of midnight and 6:00 AM. The following day each subject returned to the hospital, the recorder was removed, and they were paid for their participation in the study.
Data Analyses
The data were retrieved from the ambulatory recorder and entered into a VAX 1170 for editing and analyses. Editing was initially performed on individual readings; those readings that did not meet all of the following criteria were discarded: systolic blood pressure 70 mm Hg or more but less than 180 mm Hg; diastolic blood pressure 45 mm Hg or more but less than 100 mm Hg; pulse pressure (i.e., systolic-diastolic blood pressure) 20 mm Hg or more; and heart rate 40 beats/min or more but less than 180 beats/min. These criteria represent the 90th percentile for each of the variables, rounded to the nearest 5th percentile. All three values (systolic, diastolic, and heart rate) were rejected if any did not meet the above criteria. A total of 15% of the readings were deleted from the analyses, with similar percentages deleted for black (17%) and white (13%) subjects. Hourly averages were then computed for each individual. The hourly averages were manually edited a second time to insure quality control over the data. The averages were also coded according to whether the subject was awake or asleep during the hour. Readings obtained during the transition periods between awake and asleep were excluded from analysis. All of the subjects had data available for both awake and asleep periods and none of the subjects removed the recorder during the recording period.
The Statistical Analysis System's general linear models analysis of variance procedure was used to determine the effects of race, gender, condition (awake/asleep), and the interactions among these variables for systolic blood pressure, diastolic blood pressure, and heart rate. Condition was treated as a repeated-measures variable in the models. Betweencell comparisons were performed by t tests and were restricted to the planned comparisons of black boys to white boys, black girls to white girls, black boys to black girls, and white boys to white girls. Pearson correlation coefficients were calculated to determine the relation between the changes in blood pressure and heart rate from awake to asleep.
Results
Subject Characteristics and Casual Measurements
Black subjects were significantly older (p<0.01) and had higher casual diastolic blood pressures (p<0.01) than white subjects (see Table 1 ). White subjects had faster heart rates (p<0.01). Male subjects were heavier than female (/><0.01) and had higher systolic blood pressures (p<0.0l). Female subjects had faster heart rates than males (p<0.01).
Ambulatory Systolic Blood Pressure
The mean systolic blood pressure of white and black boys and girls while awake and asleep are shown in Figure 1 . A summary of the analysis of variance for systolic blood pressure is presented in Table 2 . The interaction between race and gender was significant. Black boys had higher systolic pressures than white boys (p<0.0001), but white and black girls did not differ. White boys had higher systolic blood pressures than white girls (p<0.05) and black boys had higher systolic pressures than black girls (p< 0.0001). The interaction between race and condition was also significant. Systolic blood pressures while awake were higher than while asleep for both white (p<0.0001) and black (/><0.0001) adolescents. Black and white adolescents had comparable levels of systolic blood pressures while awake but black adolescents had higher systolic blood pressures while asleep (p<0.0001). Black boys had higher levels of sleep systolic blood pressure than both white boys (/xO.0001) and black girls (p<0.0001). 
Ambulatory Diastolic Blood Pressure
The mean diastolic blood pressures of the four groups under both conditions are shown in Figure 2 . A summary of the analysis of variance is presented in Table 3 . The interaction between race and condition was significant. Diastolic blood pressure while awake was higher than while asleep for both white (/><0.0001) and black (/?<0.0001) adolescents. Black and white adolescents had comparable levels of diastolic blood pressure while awake, but black adolescents had higher diastolic blood pressure while asleep (/7<0.001). Black boys had higher levels of sleep diastolic blood pressure than white boys Q?<0.01) and black girls (/?<0.01). Black girls had higher levels of sleep diastolic blood pressure than white girls (p<0.0001). White boys and girls did not differ.
Ambulatory Heart Rate
The mean heart rates for white and black, male and female adolescents while they were awake and asleep are shown in Figure 3 . A summary of the analysis of variance for heart rate is presented in Table 4 . Girls had significantly faster heart rates than boys. Heart rates while awake were significantly faster than while asleep. 
Mean (+SD) diastolic blood pressure for white and black, male and female adolescents while awake (W) and asleep (S).
Relation Between the Change in Blood Pressure and Heart Rate
Correlations between the changes in blood pressure and heart rate from awake to asleep were calculated to determine if racial and gender differences in the change in blood pressure could be explained by differences in the change in heart rate. The correlation between the change in systolic blood pressure and heart rate from awake to asleep was 0.18 for white boys, 0.65 (p<0.001) for white girls, 0.42 (p<0.002) for black boys, and 0.65 Q?<0.001) for black girls. The correlation between the change in diastolic blood pressure and heart rate from awake to asleep was 0.12 for white boys, 0.53 (p<0.001) for white girls, 0.46 (p<0.002) for black boys, and 0.52 (p<0.001) for black girls.
Influences of Age and Body Size on Blood Pressure
Separate analysis of variance models were run to determine if initial group differences in age or body surface area accounted for the racial and gender differences observed in blood pressure patterns. Age had only a minimal effect, changing the leastsquare means for systolic and diastolic blood pressure of any group by less than 0.5 mm Hg. Similar differences were found for both awake and asleep values. Body surface area also had a minimal effect, increasing the differences between boys and girls. Inclusion of body surface area into the model increased the least-square means for awake systolic blood pressure in black boys by 1.6 mm Hg, and in white boys by 0.4 mm Hg, and decreased the means in white girls by 1.5 mm Hg and by 0.3 mm Hg in black girls. Body surface area increased the leastsquare means for asleep systolic blood pressure in black boys by 1.6 mm Hg, and in white boys by 0.4 mm Hg, as well as decreased the means in white girls by 1.5 mm Hg and by 0.3 mm Hg in black girls. Similar results were found for diastolic blood pressure both while awake and asleep.
Discussion
The purpose of the present study was to examine ambulatory blood pressure and heart rate patterns of healthy, normotensive adolescents and to determine the influence of race and gender on these patterns. The results of this study indicate that both factors are important determinants. The systolic and diastolic blood pressures of black and white adolescents were similar while they were awake, with boys having higher systolic blood pressures and comparable diastolic blood pressure relative to girls. The patterns while the adolescents were asleep, however, were different. White boys, white girls, and black girls had similar systolic blood pressures during sleep. Black boys, on the other hand, had higher systolic blood pressures than the other groups during sleep. In addition, the black adolescents as a group had higher diastolic blood pressures than white adolescents while asleep. Heart rates of the black and white adolescents were similar both while awake and asleep, with the heart rate of the girls faster than that of the boys.
The black adolescents were older and heavier than the white adolescents, and the boys were older and heavier than the girls, which may in part account for the observed racial and gender differ-ences. Additional analyses that included these factors in the models, however, suggest this was not the case. Age had no effect on the means for any of the groups while either awake or asleep. Body size had a minimal influence that did not affect the observed racial differences but did increase gender differences both while awake and asleep.
These results are consistent with two studies in adults that have demonstrated that the cardiovascular system of black adults is exposed to elevated levels of blood pressure for a higher proportion of the day than is the cardiovascular system of white adults. Murphy and his colleagues 7 examined ambulatory blood pressure patterns in 44 black and 37 white adults under evaluation for borderline hypertension. The average daytime blood pressure of the white and black adults was equivalent, but the black adults had a significantly smaller decline in blood pressure during sleep. Harshfield et al 6 extended these findings to healthy, normotensfve black adults without a history of disease. In contrast to previous reports in white adults, 3 -4 -11 they reported that black adults in this study did not show a significant decline in blood pressure during sleep. This study also examined the effects of age and gender on the ambulatory blood pressure patterns. Both effects were found to be significant, with age accounting for 10% of the variance of both systolic and diastolic blood pressure and gender accounting for 10% of the variance of systolic blood pressure. The interaction between age and gender accounted for 26% of the variance of systolic pressure.
One study did not report racial differences in ambulatory blood pressure patterns of black adults. Rowlands and his colleagues 12 compared the patterns of 16 Jamaican-born black and 16 Englishborn white borderline hypertensive subjects. No differences were found in the awake, asleep, or 24-hour blood pressures of the two groups, which were matched for age, sex, socioeconomic status, and casual blood pressure level. In addition, there was no difference in the drop in blood pressure during sleep or in the variability of blood pressure both while awake and asleep.
The black adolescents in our study and the black adults in previous studies 6 - 7 showed similar ambulatory blood pressure patterns to those previously reported in small samples of patients with a variety of disorders. These include pheochromocytoma, 13 preeclampsia, 14 autonomic failure, 1S Cushing's Syndrome, 16 secondary hypertension, 17 and elderly patients with complicated hypertension. 18 In each of these cases, the individuals had a defect in thenblood pressure control systems that resulted in the absence of the nocturnal decline. The reason for the blunted nocturnal decline in blood pressure of black adolescents in the current study, or black adults in previous studies, 6 -7 is not yet denned. These findings could be related to differences in blood pressure regulation, as with the patients cited above, 13 -18 or differences in exposure of these groups to factors that cause, or protect against, the development of hypertension. Factors that could be important include diet, physical fitness, family history of hypertension, and psychological stress. Further research is needed both to confirm the present findings and to determine the underlying mechanisms. In summary, both race and gender were important determinants of the ambulatory blood pressure and heart rate patterns of adolescents. Black boys had higher levels of systolic blood pressure during sleep compared with white boys, black girls, and white girls. In addition, the black adolescents as a group had higher levels of diastolic blood pressure than white adolescents while asleep. The nocturnal differences in blood pressure were unrelated to differences in heart rate, body size, or age. These results are consistent with preliminary research in adults, 6 -7 which has demonstrated racial and gender differences in ambulatory blood pressure patterns.
The present study is important because it demonstrates for the first time that racial differences in ambulatory blood pressure patterns are apparent as early as adolescence, before the development of any significant target organ damage. These results may help to explain racial differences in the prevalence of hypertension and heart disease and aid in the detection and definition of the prehypertensive state. It is reasonable to hypothesize that as the black child matures into adulthood, the additional cardiovascular strain imposed by the lack of a nocturnal decline in pressure may result in premature cardiovascular damage, resulting in the early development of hypertension, heart disease, and renal disease.
